Abstract Older adults with heart failure have multiple chronic conditions and a large number and range of symptoms. A fundamental component of heart failure self-care management is regular symptom monitoring. Symptom monitoring can be facilitated by cost-effective, easily accessible technologies that are integrated into patients' lives. Technologies that are tailored to older adults by incorporating gerontological design principles are called gerontechnologies. Gerontechnology is an interdisciplinary academic and professional field that combines gerontology and technology with the goals of improving prevention, care, and enhancing the quality of life for older adults. The purpose of this article is to discuss the role of gerontechnologies, specifically the use of mobile applications available on smartphones and tablets as well as remote monitoring systems, for outpatient disease management among older adults with heart failure. While largely unproven, these rapidly developing technologies have great potential to improve outcomes among older persons.
Introduction
Heart failure currently affects 5.7 million Americans [1] and is a leading cause of hospital admissions and 30-day readmissions [2] [3] [4] [5] [6] . Heart failure is also the fastest growing cardiovascular condition in the USA [7] , largely due to an aging population and improved survival after myocardial infarction [8] . As such, heart failure is a large public health concern.
The management of heart failure is often complicated by the presence of multiple chronic conditions that share common symptoms, including edema, fatigue, exercise intolerance, and shortness of breath. These symptoms are regularly present, even after a hospitalization, when more than 40 % of patients report no improvement in dyspnea, anxiety, fatigue, and pain [9] . Major clinical guidelines recommend the inclusion of symptom monitoring as part of routine self-care management of patients with heart failure [10] . This can be challenging because symptom changes can be so insidious that patients have difficulty recognizing and responding to them, as well as differentiating them from symptoms of other chronic conditions including, depression [11] , atrial fibrillation, diabetes, and chronic kidney disease [12] . Despite these difficulties, active participation in self-care management is crucial in heart failure because patients who are involved in their own care are more likely to have improved survival, decreased readmission rates, and better quality of life [13] [14] [15] .
Concurrent with an increase in the prevalence of heart failure and the challenges of self-care management is the need for novel, easy-to-use Breal-world^mechanisms for outpatient This article is part of the Topical Collection on Elderly and Heart Disease * Ruth M. Masterson Creber rm3284@cumc.columbia.edu Kathleen T. Hickey kth6@columbia.edu self-care management support. The use of remote monitoring with smartphone and tablet technology is particularly relevant for patients with heart failure because signs and symptoms can be quickly assessed remotely and deterioration can be quickly addressed. Smartphone and tablet mHealth apps are well positioned for monitoring and managing health conditions because for many patients they are already integrated into patients' lives. In addition to being portable and convenient and facilitating care at the point-of-need [16] , smartphones also have the advantage of being able to extract data from multiple devices, direct user input, transmit data to a server, and facilitate a two-way communication between patients and providers [17] . Using mHealth applications for disease management is also not new and has been used for patients with diabetes [18] [19] [20] , hypertension [21, 22] , chronic obstructive pulmonary disease [23] , and cardiac arrhythmias [24] [25] [26] .
Many of the previous studies of telemonitoring and remote devices in HF have been negative. One of the driving reasons may be that the technologies being tested were not well integrated into regularly used devices, such as smartphones or tablets. As such, the technologies may have caused increased treatment burden, especially in the post-hospital period [27] , and relatively low adherence rates as was found in the largest clinical trials in this field [28••, 29••] . For example, in the Telemonitoring to Improve Heart Failure Outcomes (Tele-HF), study participants had to make daily calls on a landline phone and use a touch-tone telephone keypad to respond to questions on general health and heart failure symptoms [28••] . While the Better Effectiveness After Transition-Heart Failure (BEAT-HF) [29• •] study used more cutting-edge technology to measure blood pressure, weight, and heart rate, it still did not test technologies that are integrated into patient's everyday lives. What we can learn from these two trials is that the type, nature, and interoperability of the technology is important in terms of patient and provider usability and that novel disease management strategies need to be thoroughly evaluated prior to adoption [28••, 29••] . In terms of evaluating studies, the types of technology that are being tested inform the interpretation of the study findings (Table 1) 
The purpose of this article is to discuss how specific gerontechnologies can benefit older adults with heart failure with symptom monitoring and self-care management. For discussion in this article, we use the term gerontechnologies, rather than telemonitoring, to make the distinction between current remote monitoring devices and mHealth applications that are available on smartphones and tablets.
Definition of Gerontechnology
Gerontechnology is an interdisciplinary field that combines gerontology and technology. In this field, gerontological design principles are integrated with research on biological, psychological, social, and medical aspects of aging towards the goal of improving the quality of life of older adults [35, 36] . Gerontechnologies have the potential to support independent living and social participation by improving health and wellbeing [37] . Traditionally, gerontechnology has focused on the application of (1) advanced technologies to address motor and cognitive disability, (2) wearable systems to recognize problems related to reduced functional capacity, and (3) technological aids to compensate for deficits and increase the level of autonomy at home [35] . More recently, gerontechnologies have expanded in scope beyond biotechnology devices and now include modalities such as tablets and smartphones [38] .
Technology Use Among Older Adults
Across the United States, the use of mobile devices is experiencing significant year-to-year growth [39•] . In 2013, almost 60 % of American adults reported owning a smartphone [39•] , though older adults overall-defined as those 65 and older-have lower smartphone adoption levels (18 %). While a quarter of adults ages 65-74 years own an smartphone, this proportion declines rapidly over age 75 [40•] . Despite lower overall smartphone adoption, however, the proportion of older adults owning a smartphone increased 5 % between 2012 and 2014 [40•] . In addition, 27 % of older adults own a tablet, e-book reader, or both [40• ].
These results demonstrate that older adults (65 and older) are not a homogeneous group. Ownership of tablet and smartphone technologies generally falls along the lines of income and education. More highly educated and more affluent older adults with annual household incomes of $75,000 or more tend to have more technology assets and a more positive view towards online platforms [40•] . In contrast, less affluent older adults with incomes less than $30,000 annually and more disabilities are often disconnected from the digital world of technologies [40•] . Seniors with a college degree (compared to those who have not attended college) are three times as likely to own both an e-book reader and a tablet, and those with annual incomes of $75,000 or more are around four times as likely to own each device compared to those with household incomes of less than $30,000 per year [40•] .
Many of the same benefits that smartphones and tablets can have on symptom monitoring and self-care management can also help address other relevant concerns in older age by supporting social connectedness and subsequently decreasing social isolation [38] . A recent study confirmed that the use of tablet technologies, such as iPads, has the potential to reduce social isolation, renew prior relationships, and enhance familial communication [38] . Regular use of an iPad was also associated with an increase in iPad competency and technological ability [38] . Atrial fibrillation is highly prevalent among older adults with heart failure and other cardiovascular conditions [41] . Symptoms of atrial fibrillation, including fatigue, palpitations, dyspnea, dizziness, and exercise intolerance are also commonly associated with heart failure [42] . Gerontechologies such as Kardia™ Mobile, an FDAapproved smartphone technology (Fig. 1) , are designed to help patients distinguish when symptoms may more relate to an arrhythmia rather than heart failure [42] by capturing a single-lead electrocardiogram recording through two electrodes on the back of an iPhone [43] . When both electrodes make contact with the skin, a 30-s single channel electrocardiogram automatically records, the ECG data is sent over a WiFi or cellular network, and transmissions are automatically uploaded to the Kardia™ Bcloud.^This technology eliminates the need for adhesive ECG electrodes, skin patches placed on the chest, and complicated lead changes by the patient. Rather, rapid, real time capture of an ECG can occur immediately at the onset of symptoms, which can provide a significant improvement for symptom evaluation. The efficacy of Kardia™ Mobile on patient reported and clinical outcomes is currently being tested in the iHEART randomized controlled trial (Clinicaltrials.gov ID: NCT02731326) [44] .
Remote Monitoring of Physical Activity
Given the importance of physical activity to the maintenance of function, smartphones and commercially available wearable activity trackers are increasingly being used to measure and promote movement [45, 46] . A recent mixed-methods evaluation found that commercially available wearable activity trackers (Fitbit Zip, Misfit Shine, Jawbone Up 24, and Withings Pulse) (Fig. 2) that sync with smartphones were perceived as useful and acceptable in a small sample of 32 adults over age 50 [47] . Another study by McMahon and colleagues evaluated the shortand long-term experiences of adults >70 years old with the Fitbit One activity tracker and found that it was easy to use, useful, and acceptable at 10 weeks and 8 months [48] , though there were lower survey ratings by participants >80 years old. Another example is the self-administered 6 MWT mobile application (SA-6MWTapp) for patients with heart failure that permits administration of a 6-min-walk test (6 MWT) anywhere and transmits the results wirelessly to a cloud server [49] . The 6 MWT is an important measure of functional capacity that highly correlates with the results of cardiopulmonary exercise testing [50] . The SA6MWTapp leverages smartphone technology with integrated accelerometers and GPS tracking to monitor physical activity and longitudinally collect data on patients' 6 MWT. Currently, the SA-6MWTapp is not yet available commercially. 
Comprehensive Remote Monitoring Systems Using Mobile Phones and Tablets
One of the earlier studies to test a mobile phone-based telemonitoring system was conducted by Seto and colleagues [34] . This study included taking daily weight and blood pressure readings, weekly single-lead ECGs, and daily symptom questions on a mobile phone over 6 months with feedback both to the patient and the cardiology provider (Table 1) . A more recent example is the remote monitoring system called iGetBetter [15] (Partners, Boston), which enables patients to self-monitor by being able to take their weight using a Bluetooth scale, blood pressure, and heart rate measurements. Patients can view their results on an iPad mini tablet computer (Apple Inc, Cupertino, CA, USA) equipped with cellular internet connectivity [15] .
Challenges for Implementation With Older Adults
Given an aging population with a high prevalence of disease, there has been tremendous growth in the number of gerontechnologies targeted towards older adults with heart failure. Though many gerontechnologies hold promise for supporting outpatient disease management, there are also a number of specific barriers for implementation in this patient population, including physical limitations from existing health conditions such as sensory impairments, cognitive changes, arthritis, and vision impairments. These age-and disease-related physical limitations inhibit the ability of older adults to utilize the functions of the technology and receive maximum benefit.
Other commonly perceived challenges of getting older adults to use gerontechnologies include user acceptance [40•] , cost [51] , technology self-efficacy [52] (perceived belief with regard to coping and possibility for success in action [53] ), technology experience [52] , burdens/workload associated with device use [27] , and education/training on the device itself [40•] . For smartphones specifically, having to do manual data entry into a mHealth app is a barrier [33] . Many of these applications are also inaccessible to patients with low health and technology literacy [54] . Potentially the biggest challenge is supporting patients over 75 years of age who have had less access to smartphone, tablet, and remote monitoring technologies throughout their lives.
Because of this limitation, many studies that have evaluated these technologies have not included older adults. One way to address many of these barriers is to involve older adults in the entire design process, from inception through development [55] .
Another challenge that older adults face is that apps that solely focus on specific medical problems are potentially not as useful as those that can support patients with multiple medical conditions. If patients have to use different apps for each condition, they face the burden of app overload [56] . Selecting a single app from the estimated 165,000 health-related apps [57] is also a major concern. Currently, patients have few resources to evaluate the apps, other than the limited star rating and consumer reviews. Many new apps are being used with minimal knowledge of their functionality and ability to integrate data into healthcare systems [56] , let alone efficacy for improving patient or clinical outcomes. As mHealth apps mature, we will likely see apps being recommended more systematically rather than on an ad hoc basis [56] . Eventually, the most efficacious apps should be able to be judiciously integrated into healthcare management when more appropriate governance structures are in place [56, 58] .
Recently, a new methodology for the systematic evaluation of mHealth apps has been proposed [59] , including individual app evaluation using three instruments: Mobile Application Rating Scale [60] , IMS Institute for Healthcare Informatics functionality score [56] , and evidence-based guidelines endorsed by specific medical societies, (i.e., Heart Failure Society of America guidelines for non-pharmacologic management) [10] . Each mHealth app should be rated individually across the specified content and functionality criteria to determine the best-in-class mHealth apps for either general or specific conditions [59] . This is especially important given the current lack of clinical trial data to support mHealth apps.
What Should Providers Tell Patients About Gerontechnology Products?
Currently, healthcare providers can describe mHealth apps to patients; however, to date, there is no high-quality randomized controlled trial data that demonstrates the clinical effectiveness of these apps. In part, this is due to how quickly the technology is changing and that by the time a study has been funded and completed, the technology being tested in nearly obsolete. With more evidence on the effectiveness of specific apps, healthcare providers will be able to better recommend specific apps and provide clearer clinical guidance. In some cases, healthcare providers will even be able to provide patients with prescriptions for specific mHealth apps, as is the case for diabetes self-management with BlueStar app (Welldoc®).
Challenges for Providers
While the focus of this paper is on the patients who are using these technologies, the reality is that healthcare providers need to endorse these technologies in order for patients to use them. The first major concern for providers is information overload, especially from remote monitoring systems. The reams of data generated by a remote monitor or physical activity tracker are only valuable if synthesized into an elegant visualization or simple dashboard that represents longitudinal data. The second major concern is whether or not there will be any reimbursement to providers for remote monitoring patients. According to Centers for Medicare and Medicaid Services, as of 2016, the Medicare Fee-For-Service Program allows for the billing and payment of medical services for telehealth [61] . In March 2016, Centers for Medicare and Medicaid Services published more detailed answers to frequently asked questions about billing for remote patient monitoring services [62] . The report indicated that remote monitoring activities can count towards the minimum 20 min of time per month for chronic care management services [62] .
Highlights for Future Research
The research agenda for gerontechnologies to support heart failure symptom monitoring and self-care management includes understanding how mHealth tools can be used to improve patientprovider communication and adherence to treatments, as well as answering the questions below: For patients:
• Which patients experience the most benefit from using mHealth and remote monitoring devices? • What factors facilitate regular adherence to mHealth technologies?
• How can mHealth technologies be "streamlined" to promote ease of use? For providers:
• What are the most efficient ways to present information to care providers? • What data points do healthcare providers consider most useful?
• How can mHealth technologies be integrated into commercially available electronic health record systems commonly in use? • How can mHealth technologies be integrated into the clinical care of underserved and minority populations to reduced healthcare disparities? These questions highlight a few of the complex topics that will require additional research, especially given the rapidly changing technology landscape.
Conclusions
Patients with heart failure are a heterogeneous patient population, in terms of frailty, ability to self-manage, disease acuity, and functional status. Tablets, smartphones, and remote monitoring systems hold strong potential for supporting outpatient symptom monitoring and self-care management for patients with heart failure; however, they need to be used judiciously. Currently, it is unknown which patients with heart failure will benefit most from these gerontechnologies [31] . In this early phase of adoption, it may be most strategic to focus on active and less frail community-dwelling older adults with heart failure [63] because engaging patients without current access to these gerontechnologies will take a different and perhaps more resource intensive approach.
